Lateral diffusion on fused cell doublets  by Koppel, D.E.
LETTER TO THE EDITOR
Lateral Diffusion on Fused Cell Doublets
Dear Sir:
The measurement of surface intermixing rates on fused cell
doublets has long been used to estimate lateral diffusion coeffi-
cients in membranes (1-7). This method could become particu-
larly attractive now with the recent introduction of electric pulse
fusion techniques (7). Nevertheless, the problem of diffusion on
the double-lobed surface of fused cell pairs (Fig. 1), the charac-
teristic shape of fused erythrocytes (2-7), appears to have not
been solved except in the limiting case of a spherical surface (8).
This problem is, in fact, formally identical to another problem
that has been solved: the diffusion-mediated trapping into a
circular region on the surface of a sphere. Recent articles by Chao
et al. (9) and Weaver (10) have analyzed this latter problem as a
possible model for the localization of mobile cell surface compo-
nents induced by local surface modulation.
Fig. 1 illustrates the equivalence of the two problems: diffusion
to a perfect trap on a single cell (left side) and intermixing on a
symmetrical fused doublet (right side). Concentrations are ini-
tially uniform functions of equatorial angle 0: c(,u cos 0, 0) = co
for the single cell and the labeled fused cell, and c(,u, 0) = 0 for
the unlabeled fused cell. For the single cell, the boundary
condition c(po, t) = 0, for all t > 0, establishes the hatched region,
,u cos 00, as a perfect concentration sink (9, 10). For the
fused pair, simple symmetry considerations maintain c(AO, t) =
co/2 for all t > 0. Thus, 2c(,u, t) - co for the labeled fused cell and
co- 2c (t,g t) for the unlabeled fused cell are identical to c(,u, t) on
the single cell for all ,u AuO.
Adapting the results of Chao et al. (9), 2c(,g, t) - | can be
written as a sum of nonintegral Legendre functions (11). For
molecules diffusing with diffusion coefficient D,
(1)2c(,u, t) - = E A5P,,(A) exp( - klDt),
s-0
where v5(s = 0, 1, 2, . . .) are successive real numbers (tabulated
and graphed in reference I 1) for which P,,(,u) vanishes at ,u = $0,
and
ks = vs(vs + I)/Ro. (2)
For a sphere (i.e., AO = 0), vs reduces to the series of odd integers.
Experimentally, one can apply the normal-mode analysis (5, 12,
13) to compute experimental estimates ofkoD and henceD if ko is
known.
Alternatively, adapting the results of Weaver (10), the inter-
mixing after fusion can be analyzed in terms of a mean transfer
time:
[Ac(t)/Ac()d [ 2 n1 - 1] (3)
where Ac(t) is the average concentration difference between the
originally labeled and unlabeled cells. Except at very short times
(t << T), Ac(t) approximates a single exponential (10):
Ac(t) , Ac(O)e D (4a)
where
k2= 1/Dr. (4b)
0 Pe 0
FIGURE I Geometries (top) and surface concentration distributions
(bottom) for the diffusion to a perfect trap on the surface of a single
spherical cell (left) and the diffusion-mediated intermixing on a symmet-
rical fused cell doublet (right). As indicated, the solid straight lines are
initial concentration distributions. The dashed curves approximate the
concentration distribution after about one characteristic time constant.
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Given experimental values of r, one can calculate D if k2 is
known.
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FIGURE 2 Dimensionless characteristic intermixing rates as functions
of I + g0. The dashed curves trace out kO2RO (bottom), kIR' (middle), and
k!R2 (top). The solid curves trace out k2R2 (bottom), k2R2 (middle), and
k2R22 (top). 1 + go spans the range of values from that corresponding to
two separate spheres (1 + go = 0) to that for a single spherical fused
product (1 + p0 = 1).
$1.00 837
In the absence of more exact solutions, previous studies
(2-4, 6, 7) have analyzed diffusion rates on fused doublets in
terms of effective equivalent spheres: spheres of radius RI
adjusted to give the same surface area as the fused doublet
(2, 3, 6, 7); and spheres of radius R2 (Fig. 1) equal to half the
actual long dimension (4). In terms of Ro and AO.
RI = (1 - AO) "2Ro (5a)
R2= (1 - AO)Ro. (5b)
Given the results above, we can test the accuracy of these intuitive
approaches.
Fig. 2 represents theoretical values of kIR2, kIR2, kIR2, k2R ,
k2RI, and k2R2 as functions of 1 + AO, calculated according to
Eqs. 2-5 and the tables and graphs in reference 11. Each curve
traces the variation of the intermixing rate as 00 is varied but the
corresponding radius (RO, RI, or R2) is kept constant. Choosing
R, or R2 as the radius of effective spheres is equivalent to
assuming that, at the actual value of 00 for a given fused doublet,
kIR2 and k2R2, or kIR2 and k2R2 do not differ appreciably from
their values for a sphere (the horizontal straight lines in Fig. 2). It
is thus seen that R2 is significantly better than RI as an effective
radius, giving results accurate to within 10% for 1 + AO > 0.3
The use of either, however, will lead to significant underestimates
ofD to various degrees for values of I + AO much below 0.3. In the
future, the results of Chao et al. (9) and Weaver (10) can be
adapted as above and used for exact analyses.
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